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	Equipment Needed
	Qty
	Equipment Needed
	Qty

	Computer with Datastudio
	1
	Clamp, right-angle
	1

	Force Sensor 
	1
	Mass and Hanger Set 
	1

	Motion Sensor 
	1
	Support rod
	1

	USB Links
	2
	Spring
	1

	Base and Support Rod
	1
	Meter stick(optional)


What Do You Think?
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Turn to the Student Response section and Sketch your prediction of the position, velocity, accleration, and Force vs time graphs of a mass oscillating on a spring.  
Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.

Background

A spring that is hanging vertically from a support with no mass at the end of the spring has a length L (called its rest length).When a mass is added to the spring, its length increases by L. The equilibrium position of the mass is now a distance L + L from the spring’s support. What happens when the mass is pulled down a small distance from the equilibrium position? The spring exerts a restoring force, 
F = -kx, where x is the distance the spring is displaced from equilibrium and k is the force constant of the spring (also called the ‘spring constant’). The negative sign indicates that the force points opposite to the direction of the displacement of the mass. The restoring force causes the mass to oscillate up and down. The period of oscillation depends on the mass and the spring constant. 




As the mass oscillates, the energy continually interchanges between kinetic energy and some form of potential energy. If friction is ignored, the total energy of the system remains constant. 
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[image: image6.wmf]PART I: Equipment Setup
1. Set up a threaded rod and large base.  Using a 90 degree clamp, connect the second rod so that it extends horizontally.
2. Next, mount the Force Sensor vertically from the end of this rod so that its hook end is down. (not pictured)
3. Suspend the spring from the Force Sensor’s hook so that it hangs vertically.

4. Place six, 20g slotted masses to a hanger and add the hanger to the spring.

5. Position the motion sensor directly beneath the hanging mass and set the sensitivity switch on the motion sensor to the wide angle (stick figure) setting.  Extend and Lower the horizontal rod so that the stretched spring with added mass is as close to 30 cm above the sensor as possible without the sensor “reading” other objects nearby.  In some labs rooms, the tables may not allow you to get as close as 30 cm.

6. Connect two USB Links or one Power Link to the computer.

7. Connect the Force Sensor and Motion Sensor to the Link(s).

8. Turn on the computer and Datastudio should autolaunch.  If not, use the shortcut on the desktop to launch Datastudio. From the ASIM folder, open the activity “SHM.ds” A graph should appear with Position, Velocity, Acceleration, and Force all listed on the y-axis.  The same time axis is shared by all dependent variables. 
Note: With this graph arrangement, you will be able to compare at one instant in time all of the quantities above which define the motion of the oscillating mass.
RECORDING DATA:  Note: you will likely need to run several trials in order to carefully adjust the alignment of your motion sensor beneath the oscillating spring.  This may take several attempts in order to get reasonably smooth data without any large spikes.
A. Zero the sensor while the 120 g mass is at equilibrium.

B. Raise the 120grams of mass and hanger about 10 cm above its rest position.

C. Release the mass carefully so that it moves up and down without swinging like a pendulum.  The nature of springs may cause the hanger to start twisting, but the system should not swing like a pendulum.

D. When your hand is clear of the oscillating hanger, press the START button.  Recording will automatically stop after 5 seconds.
NOTE:  Check your graphs.  If there are no spikes, you may proceed to the Analysis Section.  If there are large spikes in the data, go to the Experiment pull down window and delete the run.  Try making a small adjustment to the position of the motion sensor and try another run.  BE PATIENT!  It may take several trials to get a “clean” set of data that will allow you to answer the follow up questions. 
Analyzing the Data (Write data, calculations, and responses in the Student Response Sheet)
1. Select the Position Graph and then click on the ‘Scale to Fit’ button ([image: image1.png]


).
2. To find the average period of oscillation of the mass, click the ‘Smart Tool’ button ([image: image2.png]


).When the smart tool has been activated for multiple graphs that share a common time or x-axis, it will “lock together” in all graphs at the same x (time) coordinate.  This will show the position, velocity, acceleration, and force coordinates of whatever point you position them over at the same instant in time. 
· Move the Smart Tool to the first peak in the plot of position versus time and read the value of time as it appears in the coordinates (t,x) displayed beside the cursor. Record the value of time in the Data Table in the Lab Report section.
· Move the Smart Tool to each consecutive peak in the plot and record the value of time shown for each peak.
· Find the period of each oscillation by calculating the difference between the times for each successive peak. Find the average of the periods. Record your result in the Data Table.
 
If a printer is available Print your graphs and Label Points A, B, C and D when indicated below.  If you are not able to print, you should refer to the graphs window and should use the smart cursor to help identify the locations indicated. 
3.
Consider what is necessary to change the motion of an object.  By definition, this requires a force.  The force supplies acceleration; acceleration is defined as a change in velocity; velocity is defined by a change in position.  In this experiment, the Force sensor is tracking the net force on the oscillating mass.  The motion sensor is tracking the motion (position, velocity, and acceleration).  Review the graphs starting with the Force graph.

A. If you were able to print your graphs, write an A at a point on your Force curve when force is a positive maximum (peak).  At this same point in time, move up to the Acceleration curve and label that point A.  Describe in general terms the acceleration of the mass when the Force is a positive maximum.  For example, is the acceleration up or down and is it a maximum?... a minimum? Provide a general description for the Velocity and Position of the mass at this same point in time.  If you were able to print, label these points A as well.
B. When the force is a negative maximum (valley), describe what is happening to the acceleration of the mass? (call this point B).  For example, is the acceleration up or down and is it a maximum? a minimum? At this same point in time, describe the Velocity and Position of the mass.  If you were able to print, label these points in all graphs as B.

C. As you did in A and B above, describe the motion (acceleration, velocity, and position) of the oscillating mass for a time when the Force sensor shows 0 force acting on the mass.  Describe the motion of the mass at this time.  If you were able to print, label this point C.
D. Starting from the point on the Force graph in C above where force was 0, trace along the Force curve to the next point in time where the Force is 0.  Consider this time D.  How do the acceleration, velocity, and position at time D compare to the motion of the object as you described at time C.

Name:___________________________________________
Period ______  
Partner’s Name:

Date: 


Simple Harmonic Motion on a Spring

What Do You Think?

Sketch your prediction of the position, velocity, accleration, and Force vs time graphs of a mass oscillating on a spring.  
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Data Table

	Peak
	1
	2
	3
	4
	5
	6
	7

	Time (s)
	
	
	
	
	
	
	

	Period (s)
	XXXXXXX
	
	
	
	
	
	


Mass = _________ kg
Average period of oscillation = ________ sec
Questions

1.
Using your experimental period of oscillation and the mass on the end of the spring in the equation below to calculate the value of the spring constant (k).  



2.
Using either the sprint constant (k) value from the Hooke’s Law experiment or the k value provided by your teacher, calculate a percent difference to your value in question 1.
3.
Use the space below to respond the directions and questions found in step 3 of the section Analyzing the Data.
Position
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Time
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